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(54) Optical exposure apparatus and photo-cleaning method 



(57) Optical exposure apparatus (5) and methods of 
using same, for patterning a workpiece and photo- 
cleaning the optical components in the apparatus, 
which can be contaminated by moisture and organic 
compounds in the atmosphere. The apparatus com- 
prises an illumination optical system (10-19) having a 
light source (10) and one or more optical components, 
and a projection lens (21) having an object plane (OP) 
and an image plane (IP) and one or more optical com- 
ponents. The optical exposure apparatus (5) includes 
an exposure optical path or an exposure light beam 
through a predetermined space in the optical exposure 
system. An optical path deflection member for deflect- 
ing light is introduced into the exposure optical path so 
as to create a second optical path that differs from the 
exposure optical path. Also, a method for photo-clean- 
ing the aforementioned optical components, including 
the steps of forming an exposure optical path and then 
changing this path to create a second optical path that 
differs from the exposure optical path. 
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Description 

Field of the Invention 

The present invention pertains to optical exposure 
apparatus and methods of using same, and in particular 
to such apparatus and methods wherein the optical 
materials comprising the apparatus are susceptible to 
changes in their optical properties due to the presence 
of matter, such as moisture and organic compounds, in 
the atmosphere surrounding the apparatus. 

Background of the Invention 

Present-day manufacturing of semiconductor 
devices, which includes integrated circuits, liquid crystal 
displays, thin film magnetic heads, and the like, employs 
optical exposure apparatus and methods. The increas- 
ing degree of integration of such semiconductor devices 
has placed increasing demands on the optical exposure 
apparatus to achieve higher levels of resolution. The 
resolution of an optical exposure apparatus can be 
approximated by the relation 

R = k x AVNA p 

wherein. R is the "resolution" or resolving power of the 
optical exposure apparatus (i.e., the size of the smallest 
feature that can be printed), A. is the wavelength of the 
exposure light, NAp is the numerical aperture of the pro- 
jection lens included therein, and k is a constant which 
depends upon on the type of recording medium used 
and the process for developing the images formed 
therein. 

To keep up with the increasing degree of integration 
of semiconductor devices, continuing efforts are being 
made, as can be understood from the above formula, to 
increase the resolution of the optical exposure appara- 
tus by shortening the wavelength of the exposure light 
and/or increasing NAp. In recent years, KrF (krypton flu- 
oride) excimer lasers having an output wavelength of 
248 nm have been used for the exposure light source. 
Moreover, projection lenses NAp of 0.6 or greater have 
been commercialized, and features as small as 0.25 
microns have been realized. 

More recently, in an effort to increase resolution ArF 
(argon fluoride) excimer lasers having an output wave- 
length of 193 nm have been gaining attention as a suc- 
cessor light source to KrF excimer lasers. This reduction 
in wavelength could, in principle, allow the printing of 
features 0.18 microns or less. However, optical expo- 
sure apparatus operable at deep ultra-violet fDUV", 
i.e., less than 200 nm) wavelengths are difficult to real- 
ize. One reason for this is that in this wavelength region, 
the materials available for the necessary optical compo- 
nents are currently limited to quartz and calcium fluoride 
(fluorite). For these materials to be suitable for use in 
DUV optical exposure apparatuses, they must have suf- 



ficient transmittance and internal uniformity (an internal 
transmittance of 0.995/cm or greater has been achieved 
with fused quartz, and negligible levels of absorption 
have been achieved with calcium fluorite). Also, optical 

5 components made from these materials require an anti- 
reflection coating on their surfaces when used at DUV 
wavelengths, to increase light transmission. 

However, even with anti-reflection coatings and 
minimum levels of absorption, the optical characteristics 

w of fused quartz and calcium fluorite can change due to 
the heat generated by surface contaminants which 
absorb DUV Tight. For instance, it has been discovered 
that the transmittance of optical components made from 
fused quartz and calcium fluoride drops rapidly when 

15 exposed to moisture or organic compounds. The 
amount of this absorption, which can reach up to 0.01 
per lens surface, is large compared to the absorption 
due to the material itself or the surface anti-reflection 
coatings. Therefore, it is necessary to keep the surfaces 

20 of fused quartz or calcium fluorite optical components 
free of such contaminants. 

Japanese patent application Kokai No. Hei 7- 
294705 discloses a technique relating to a method for 
photo-cleaning individual optical components with light 

25 (hereinafter, "photo-cleaning"). However, this technique 
does not disclose a method for photo-cleaning all. or the 
essential optical parts of, the optical components of an 
optical exposure apparatus after the apparatus has 
been assembled. It has been discovered by the present 

30 inventors that the temporary photo-cleaning of individ- 
ual optical components by exposing them to DUV light 
actually facilitates the later absorption of ambient mois- 
ture and organic compounds onto the surfaces of the 
optical components. Consequently, even if individual 

35 optical components are photo-cleaned using DUV Dght. 
it is extremely difficult to assemble the optical compo- 
nents to form a projection exposure system, and then 
isolate those components completely from moisture, 
organic compounds, and other contaminants. This has 

40 been a major impediment in realizing a robust DUV pro- 
jection exposure system. 

Summary of the Invention 

45 The present invention pertains to optical exposure 
apparatus and methods of using same, and in particular 
to such apparatus and methods wherein the optical 
materials comprising the apparatus are susceptible to 
changes in their optical properties due to the presence 

so of organic matter, such as moisture and organic com- 
pounds, in the atmosphere surrounding the apparatus. 

More particularly, one aspect of the invention is an 
optical exposure apparatus for forming an image on a 
photosensitive substrate. The apparatus comprises an 

55 illumination optical system having a light source and a 
light beam. Next to the illumination optical system is a 
reticle having a pattern. Next to the reticle on the oppo- 
site side of the illumination optical system is a projection 
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lens. The projection lens and the illumination optical 
system have a predetermined space therein. An expo- 
sure optical path (i.e., the light path associated with per- 
forming an exposure) passes through this 
predetermined space. An optical path deflection mem- 5 
ber is removably arranged in the predetermined space 
so as to cause a deflection in the exposure optical path 
to form a second optical path. The second optical path 
differs from the exposure optical path. The second opti- 
cal path is the light path associated with performing 10 
photo-cleaning. The optical path deflection member can 
be, for example, a rotating prism or one or more moving 
optical components (including lenses and mirrors). 

In another aspect of the invention, instead of an 
optical path deflection member, a light diffusing member 15 
is placed in the light beam associated with performing 
an exposure (i.e.. the exposure light beam) so as to cre- 
ate a second light beam that is larger than the exposure 
light beam. This second light beam is the light beam 
associated with performing photo-cleaning. 20 

In another aspect of the invention, the optical path 
deflection member or light diffusing member is remova- 
bly disposed within the predetermined space so that 
photo-cleaning can be performed between exposures. 

Another aspect of the invention is a method of 25 
photo-cleaning an optical exposure apparatus for form- 
ing an image on a photosensitive substrate. The method 
comprises the steps of first forming an exposure optical 
path in a predetermined space within an illumination 
optical system and a projection lens. The second step is 30 
preventing the photosensitive substrate from being in 
said exposure optical path. The third step is changing 
the exposure optical path to an optical path that differs 
from said exposure optical path. 

35 

Brief Description of the Drawings 

FIG. 1 is a schematic diagram of an embodiment of 
the optical exposure apparatus of the present 
invention, which includes a deflection prism and a ao 
single light detector located on the workpiece 
stage; 

FIG. 2 is a schematic diagram of an embodiment of 
the optical exposure apparatus of the present 45 
invention, which includes a deflection prism, a 
beam splitter for creating a second optical path, and 
a single light detector located therein; 

FIG. 3 is a schematic diagram of an embodiment of so 
the optical exposure apparatus of the present 
invention, which includes a deflection prism, a light 
detector located on the workpiece stage, a beam 
splitter for creating a second optical path, and a 
light detector located therein; ss 

FIG. 4 is a schematic diagram of an embodiment of 
the optical exposure apparatus of the present 



invention, which includes a deflection prism, a 
beam splitter for creating a second and third optical 
paths, and a light detector located in each of the 
second and third optical paths; 

FIG. 5 is a schematic diagram of an embodiment of 
the optical exposure apparatus of the present 
invention, which includes a rotating mirror; 

FIG. 6 is a schematic diagram of an embodiment of 
the optical exposure apparatus of the present 
invention, which includes a movable lens compo- 
nent; 

FIG. 7 is a schematic diagram of an embodiment of 
the optical exposure apparatus of the present 
invention, which includes a diffusion plate, and a 
single light detector located on the workpiece 
stage; 

FIG. 8 is a schematic diagram of an embodiment of 
the optical exposure apparatus of the present 
invention, which includes a diffusion plate, a beam 
splitter for creating a second optical path, and a sin- 
gle light detector located therein; 

FIG. 9 is a schematic diagram of an embodiment of 
the optical exposure apparatus of the present 
invention, which includes a diffusion plate, a light 
detector located on the workpiece stage, a beam 
splitter for creating a second optical path, and a 
light detector located therein; 

FIG 1 0 is a schematic diagram of an embodiment of 
the optical exposure apparatus of the present 
invention, which includes a diffusion plate, a beam 
splitter for creating a second and third optical paths, 
and a light detector located in each of the second 
and third optical paths; 

FIG. 11 is a schematic diagram of an embodiment 
of the optical exposure apparatus of the present 
invention, which includes a housing, a variable 
aperture stop, and gas supply and gas discharge 
systems connected to the housing and the projec- 
tion lens; 

FIG. 12 is a front view of the variable aperture stop 
utilized in the optical exposure apparatus of FIG. 
11, wherein the aperture stop has eight different 
apertures; 

FIG. 13 shows the superposition of several of the 
apertures of the aperture stop of FIG. 12; 

FIG. 14 is a schematic diagram of a preferred 
embodiment of a projection lens of the present 
invention which has several lens chambers and 
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supply and discharge conduits for permitting gas 
flow through the chambers; and 

FIG. 15 is a schematic diagram of a preferred 
embodiment of a photo-cleaning apparatus of the 
present invention. 

Detailed Description of the Invention 

The present invention pertains to optical exposure 
apparatuses and methods, and in particular to such 
apparatuses and methods wherein the optical materials 
comprising the apparatus are susceptible to changes in 
their optical properties due to the presence of matter, 
such as moisture and organic compounds, in the atmos- 
phere surrounding the apparatus. Such apparatuses 
include, for example, DUV-wavelength optical exposure 
or projection exposure apparatuses for semiconductor 
manufacturing, which utilize optical components made 
from synthetic quartz and/or calcium fluoride. 

Referring to FIG. 1, optical exposure apparatus 5 
includes, along an optical axis A, a light source 10 which 
emits a light beam 11. Light source 10 may be, for 
example, an ArF excimer laser emitting light at 193 nm. 
Adjacent light source 10 is a beam -shaping optical sys- 
tem 12, which adjusts the shape of light beam 1 1. An 
optical integrator 13 is located immediately adjacent 
optical system 12. Optical integrator 13 has a plurality of 
lens segments (three are shown) and can be, for exam- 
ple, a f ly's-eye lens (i.e., a bundle of elongated optical 
elements, similar to that shown in FIG. 1), or an internal- 
reflection light pipe. Further, optical integrator 13 is not 
limited to being a single optical component, but may be 
a plurality of optical integrators arranged in series to 
achieve greater light beam uniformity. 

Further included in optical exposure apparatus 5 
adjacent optical integrator 13 is a first image plane P1 at 
which an aperture stop 14 is located. Adjacent aperture 
stop 14 is a front condensing lens 15a and a rear con- 
densing lens 15b. Adjacent rear condensing lens 1 5b is 
a second image plane P2 at which an adjustable field 
stop 16 is located. Adjacent field stop 16 and second 
image plane P2 is a first objective lens 1 7, a fold mirror 
18 and a second objective lens 19. The above- 
described optical components from front condensing 
lens 15a through second objective lens 19 constitute a 
condenser optical system. The above-described optical 
components from light source 10 to second objective 
lens 19 constitute an illumination optical system. 

With continuing reference to FIG. 1 , a reticle 20 is 
located optically conjugate to field stop 1 6, at the illumi- 
nation optical system image plane (not shown) as 
defined by objective lenses 17 and 19. Reticle 20 con- 
tains small patterns (not shown) to be imaged. Adjacent 
reticle 20 is a projection lens 21 having an object plane 
OP and an image plane IP. Object plane OP of projec- 
tion lens 21 is located optically conjugate to field stop 
16, as defined by objective lens 17 and 19 (thus, reticle 



20 is located at object plane OP). Projection lens 21 
may be, for example, a dioptric or catadioptric high-per- 
formance DUV photolithographic lens comprising fused 
quartz and/or calcium fluoride optical components. Dis- 
5 posed at or near image plane IP of projection lens 21 is 
a workpiece 22 having a surface 22s. Workpiece 22 
may be, for example, a wafer coated with a light-sensi- 
tive recording medium, such as photoresist. Workpiece 
22 is positioned and held in place by a movable work- 
re piece stage 23. A light detector 24 is located on work- 
piece stage 23, and can be moved into the optical path 
underneath projection lens 21 to measure the intensity 
of the light passing therethrough. Light detector 24 is 
connected to a light detection system 26, which is con- 
is nected to a control system 27. Here, light detection sys- 
tem 26 has the function for detecting light transmittance. 
Light detector 24 may be, for example, a photo-electric 
sensor, which converts light energy into an electrical 
signal. 

20 With continuing reference to FIG. 1 , optical expo- 
sure apparatus 5 further includes a rotatable deflection 
prism 30. Deflection prism 30 is inserted and removed 
from a predetermined space within optical exposure 
apparatus 5, which contains an optical path (i.e., light 

25 rays R) between second objective lens 19 and reticle 
20. by a drive system 32 which is connected to control 
system 27. Also included in optical exposure apparatus 
5 is a shutter 34. Shutter 34 is inserted and removed 
from the optical path (i.e., light rays R) between projec- 

30 tion lens 21 and workpiece 22 by a drive system 36, 
which is also connected to control unit 27. When shutter 
34 is inserted in the optical, the shutter is "closed," and 
when the shutter is removed from the optical, it is 
"open." 

35 With continuing reference to FIG. 1 , the operation of 
optical exposure apparatus 5 in exposing workpiece 22, 
in the absence of deflection prism 30 and shutter 34, is 
now described. First, light source 10, when activated, 
emanates light beam 11, which passes through beam- 

40 shaping optical system 12. Beam-shaping optical sys- 
tem 12 adjusts the shape (e.g., collimates and spatially 
filters) light beam 11 so that it has the appropriate 
dimensions prior to the light beam entering optical inte- 
grator 13. Optical integrator 13 then forms a plurality of 

45 images or secondary light sources SLS at image plane 
P 1 . Aperture stop 1 4, located at image plane P 1 , serves 
to limit the extent of light rays R emanating from second- 
ary light sources SLS. Front and rear* condensing 
lenses 15a and 15b then superimpose each light source 

so of secondary light sources SLS to form a single, over- 
lapping image (not shown) at image plane P2, as indi- 
cated by the path of light rays R. The image formed at 
image plane P2 has an intensity distribution that is 
highly uniform due to the superposition of the light 

55 sources of secondary light sources SLS. 

Field stop 16, located at second image plane P2, 
serves to define the shape of the image formed at 
image plane P2. Light from the image formed at image 
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plane P2 is relayed by first objective lens 17, fold mirror 
18 and second objective lens 19 to object plane OP of 
projection lens 21 (coincident with the illumination opti- 
cal system image plane, not shown), at or near which 
reticle 20 resides. Reticle 20 is thus uniformly illumi- 
nated, and an image of the pattern located thereon is 
projected onto surface 22a of workpiece 22 by projec- 
tion lens 21. The optical path defined by light rays R 
(with or without reticle 20 present) is referred to herein 
as the exposure optical path. This is the optical path 
light from light source 10 follows through the predeter- 
mined space within the optical exposure apparatus 
when the optical exposure apparatus is arranged to per- 
form an exposure to pattern the workpiece. 

As mentioned above, for DUV optical exposure 
apparatus using fused quartz and/or calcium fluoride 
optical components, moisture and organic matter in the 
atmosphere surrounding the optical exposure appara- 
tus tends to adhere to and contaminate the surfaces of 
the optical components. This changes the optical prop- 
erties of the components, in particular reducing the 
transmittance of the refractive optical components and 
the reflectance of reflecting optical components. When 
light source 1 0 is a DUV light source and is activated (or 
alternatively, when aperture stop 14 or field stop 16 is 
opened) to perform an exposure of workpiece 22, the 
contaminated optical components are. to a certain 
extent photo-cleaned by the DUV light passing there- 
through. However, the present inventors have found that 
recontamination can quickly occur between exposures. 
Also, the photo-cleaning does occur during exposure of 
the workpiece reduces the intensity of the exposure 
beam. 

Accordingly, in the present invention, optical expo- 
sure apparatus 5 is configured so that, prior to exposing 
workpiece 22, a photo-cleaning process can be per- 
formed whereby light from light source 10 passes 
through each optical component in a manner that elimi- 
nates contamination from their respective surfaces. In 
this regard, the role of deflection prism 30 and shutter 
34 is to provide light of sufficient intensity for photo- 
cleaning over the entire area desired for one or more 
optical components in optical exposure apparatus 5. 
Deflection prism 30 deflects light in the exposure optical 
(i.e.. light rays R) entering projection lens 21, by a 
deflection angle A (not shown), which is a function of the 
prism wedge-angle a (not shown). Deflection prism 30 
is rotatabje by drive system 32 such that light rays R can 
be deflected to pass through portions, including the 
peripheral portions, of the optical components in projec- 
tion lens 21 (i.e.. the portions of the optical components 
other than those traversed by the exposure optical 
path). 

To appreciate the importance of deflection prism 30 
in performing photo-cleaning, it is useful to consider the 
photo-cleaning options available in optical exposure 
apparatus 5 of FIG. 1 without it. The first option is to per- 
form photo-cleaning with reticle 20 removed. This would 



be preferred because the patterns on the reticle absorb 
light, reducing the intensity of the light passing through 
projection lens 21 resulting in less efficient photo-clean- 
ing However, the numerical aperture NAp of projection 

5 lens 21 is generally greater than numerical aperture NAj 
of the illumination optical system so that the projection 
lens can coiled light diffracted from the pattern on reti- 
cle 20. This diffracted light is part of the exposure optical 
path and traverses certain peripheral portions of the 

to optical components of projection lens 21. Accordingly, 
with reticle 20 removed, there is more light available for 
photo-cleaning, but the light will only traverse the optical 
components of projection lens 21 out to a radial dis- 
tance defined by NAj. The other option is to keep reticle 

75 20 in place during photo-cleaning, so that certain 
peripheral portions of the optical components receive 
diffracted light. However, the diffracted light from typical 
reticle patterns does not have the necessary intensity 
for effective photo-cleaning. 

20 In performing photo-cleaning using deflection prism 
30, it is desirable to arrange deflection prism 30 such 
that deflection angle A satisfies the relationship 
A ^ NA p - NA, . This ensures that the peripheral por- 
tions of the optical components (including those por- 

25 tions traversed and not traversed by the exposure 
optical path) will be photo-cleaned. Note that there is no 
need to reduce NAj during photo-cleaning, and it is gen- 
erally preferable to set NAj at its maximum value. 

With continuing reference to FIG. 1, insertion of 

30 shutter 34 into the optical path between projection lens 

21 and workpiece 22 prevents exposure of workpiece 

22 during photo-cleaning. Thus, replacement and/or 
aligning of the workpiece can be performed simultane- 
ous with photo-cleaning. In a preferred embodiment, 

35 shutter 34 has a surface 34s facing projection lens 21 
that is reflective. Thus, light rays R incident on shutter 
surface 34s are reflected back through projection lens 
21 and through the rest of optical exposure apparatus 5, 
thereby enhancing the photo-cleaning effect. Shutter 34 

40 can also be tilted with respect to optical axis A passing 
therethrough, by means of drive system 36. thereby 
allowing for greater deflection of the light in the optical 
path, which increases the effectiveness of photo-clean- 
ing. 

45 The photo-cleaning process, as described above, 
can be performed with or without reticle 20 being 
present. However, when reticle 20 is present the time 
required for photo-cleaning increases due to light being 
absorbed by the reticle pattern. On the other hand, if ret- 
so icle 20 is removed, the time required for photo-cleaning 
is shorter, but there is the added time is required for 
removing and inserting reticle 20. Accordingly. if the 
time needed for removing and inserting reticle 20 
makes the overall photo-cleaning process longer, then it 
55 may be preferable to perform photo-cleaning with reticle 
20 present 

Also, though deflection prism 30 is shown in FIG. 1 
disposed between objective lens 19 and reticle 20, 
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deflection prism 30 can be disposed anywhere in optical 
projection exposure system 5. For example, it may be 
disposed between reticle 20 and projection lens 21, 
between aperture stop 14 and front condenser lens 
15a. between field stop 16 and reticle 20, or within pro- 
jection lens 21 itself. Generally speaking, deflection 
prism 30 should be disposed "upstream" (i.e., on the 
light-source 10 side) the optical component or compo- 
nents that require photo-cleaning. 

With continuing reference to FIG. 1 , light detector 
24 located on workpiece stage 23, is used to measure 
the intensity of light passing through projection lens 21 . 
This is accomplished by moving workpiece stage 23 in 
a direction parallel to image plane IP such that light 
detector 24 is inserted into the optical exposure path. 
When shutter 34 is opened, light is incident on light 
detector 24, and the output (e.g., an electrical signal) 
therefrom is inputted and stored in light detection sys- 
tem 26. By comparing such light intensity measure- 
ments made at various points in time and stored in light 
detection system 26, the combined transmrttance of the 
optical components in optical exposure apparatus 5 can 
be immediately determined and compared to an "opti- 
mum" transmrttance corresponding to the "cleanest" 
state of optical exposure apparatus 5. Accordingly, a 
decision for whether or not to start the photo-cleaning 
process and whether or not to end the photo-cleaning 
process can be easily made. Alternatively, light detec- 
tion system 26 can include an arbitrary threshold illumi- 
nation intensity value, for deciding when photo-cleaning 
should commence. 

It may be desirable to measure the light intensity of 
optical exposure apparatus 5 of FIG. 1 at workpiece sur- 
face 22s when shutter 34 is closed. Thus, with reference 
now to FIG. 2, optical exposure apparatus 40 repre- 
sents another preferred embodiment of the present 
invention which allows for this measurement. Optical 
exposure apparatus 40 includes the same elements as 
optical exposure apparatus of FIG. 1, except that light 
detector 24 is removed. Optical exposure apparatus 40 
further includes a beam splitter 42 disposed between 
aperture stop 14 and front condensing lens 15a, and a 
light detector 44a. Beam splitter 42 is disposed such 
that it creates an optical axis A' at right angles to optical 
axis A passing therethrough. Light detector 44a is dis- 
posed along optical axis A*. 

In optical exposure apparatus 40, light reflected 
from reflective surface 345 of shutter 34 when shutter 
34 is closed, and travels back up through the optical 
exposure apparatus and backwards through condens- 
ing lens 15a. A portion of this light is then reflected by 
beam splitter 42 along optical axis A* to light detector 
44a. In this way, the light transmittance of optical expo- 
sure apparatus 40 during the photo-cleaning process 
can be measured in real-time, which is useful in decid- 
ing when the photo-cleaning process should terminate. 
Note that though beam splitter 42 is disposed between 
aperture stop 14 and front condensing lens 15a, it can 



be disposed anywhere in optical exposure apparatus 
40, including anywhere in the illumination optical sys- 
tem or projection lens 21 . 

Certain optical exposure apparatuses include light 

5 sources whose light beam fluctuates in intensity. In such 
apparatuses, it is desirable to be able to distinguish 
between light beam intensity fluctuations due to the light 
source and fluctuations in the transmittance of the opti- 
cal exposure apparatus due to contaminated optical 

10 components. Thus, with reference to FIG. 3, an optical 
exposure apparatus 50 represents a preferred embodi- 
ment of the present invention which can make such a 
distinction. Optical exposure apparatus 50 includes the 
same elements as optical exposure apparatus 5 of FIG. 

is 1 , except that a beam splitter 42 is added (as shown in 
optical exposure apparatus 40 of FIG. 2 and described 
above), and light detector 44b is disposed along axis A* 
such that it receives light reflected by beam splitter 42 
prior to the light entering front condensing lens 1 5a. The 

20 outputs of light detectors 24 and 44b are inputted into 
light detection system 26, where the transmittance of 
optical exposure apparatus 50 is derived based on the 
difference in the light detector outputs. In this configura- 
tion, fluctuations in the intensity of light emitted by light 

25 source 10 are detected by both light detectors 24 and 
44b and can thus be subtracted from the transmittance 
calculation. Note again that beam splitter 42 may be 
placed anywhere in optical exposure system 50. For 
example, if the transmittance of projection lens 21 is to 

30 be determined, beam splitter 42 can be disposed 
between reticle 20 and projection lens 21, with detector 
44b disposed along optical axis A* formed by beam split- 
ter 42. 

In optical exposure apparatus 50 of FIG. 3. the light 

35 intensity at workpiece surface 22s cannot be measured 
when shutter 34 is closed. Thus, with reference to FIG. 
4, an optical exposure apparatus 55 represents a pre- 
ferred embodiment of the present invention, which is a 
modification of optical exposure apparatus 50 to allow 

40 for this measurement. Optical exposure apparatus 55 
includes the same elements as optical exposure appa- 
ratus of FIG. 2, and it further includes light detector 44b, 
as shown in FIG. 3. In this configuration, light detector 
44b detects light reflected by beam splitter 42 prior to 

45 the light entering front condensing lens 15a. Light 
detector 44a detects light reflected by reflective surface 
34s of shutter 34 which passes back through optical 
projection system 5 and backwards through front con- 
denser lens 15a. The outputs of light detectors 44a and 

so 44b are inputted into light detection system 26. Compar- 
ison of the outputs from light detectors 44a and 44b 
allows for the transmittance of optical exposure appara- 
tuses between front condensing lens 1 5a and shutter 34 
to be continuously monitored, regardless of the fluctua- 

55 tion in light intensity emitted by light source 10. when 
shutter 34 is closed. 

Optical exposure apparatuses 5, 40, 50, and 55, 
discussed above, all employ deflection prism 30 to 
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deflect the optical path during photo-cleaning. With ref- 
erence now to FIG. 5, optical exposure apparatus 60 
represents a preferred embodiment of the present 
invention which employs a different means for deflecting 
the light path to perform photo-cleaning. Optical projec- 
tion exposure apparatus 60 includes the same elements 
as optical exposure apparatus of FIG. 1, except that 
deflection prism 30 is no longer present. Instead, fold- 
mirror 18 is made movable in two-dimensions (FIG. 5 
illustrates the movement in one-dimension). For exam- 
ple, fold-mirror 18 may be rapidly oscillated in two 
dimension about its center or some other position. 
Moreover, the movement of fold-mirror 18 may be com- 
bined with a lateral shift. The movement of fold-mirror 

18, as described above, serves to deflect the optical 
path to peripheral portions of the optical components in 
optical apparatus 60 during photo-cleaning. Note that 
fold-mirror 18, like deflection prism 30, can be located in 
at any other convenient location in the illumination opti- 
cal system. 

With reference now to FIG. 6, optical exposure 
apparatus 65 represents another preferred embodiment 
of the present invention which employs a different 
means for deflecting the light path to perform photo- 
cleaning. Optical exposure apparatus 65 includes the 
same elements as optical exposure apparatus of FIG. 1 . 
except that deflection prism 30 is no longer present 
Instead, objective lens 19 may be moved rapidly back 
and forth (i.e., oscillated) in a direction perpendicular to 
optical axis A passing therethrough. Objective lens 19 
may also simultaneously be moved along optical axis A 
passing therethrough. The movement of objective lens 

19, as described above, serves to deflect light in the 
optical path during photo-cleaning. Note that other opti- 
cal components in optical exposure apparatus 65, such 
as condenser lenses 15a and/or 15b can be can be 
made movable in instead of, or in addition to, objective 
lens 19. 

With reference now to FIG. 7, optical exposure sys- 
tem 70 is another preferred embodiment of the present 
invention which employs yet another means for deflect- 
ing light in the optical path to perform photo-cleaning. 
Optical exposure system 70 includes the same ele- 
ments as FIG. 1, except that deflection prism 30 is 
absent. Instead, a light diffusing member, such as a dif- 
fusion plate 72 is inserted at or near object plane OP of 
projection lens 21 . Diffusion plate 72 is connected to 
drive system 32, which removes reticle 20 and inserts 
diffusion plate 72 in its place for photo-cleaning. Drive 
system 32 also removes diffusion plate 72 and inserts 
reticle 20 in its place for exposure. Diffusion plate 72 
may be, for example, a fused quartz or calcium fluoride 
plate having a pattern etched in on one of its surfaces, 
such as surface 72s. The pattern on surface 72s may be 
periodic, such a diffraction grating, to diffract light inci- 
dent thereon, or may be random to scatter light incident 
thereon. The degree to which diffusion plate 72 diffuses 
light can be characterized by a diffusion angle A', similar 



to the deflection angle of the deflection prism, dis- 
cussed above. If the diffusion angle A' is too large due to 
the pattern on surface 72s being too rough, it can be 
controlled by processing the surface with chemicals 

5 such as hydrofluoric acid (hydrogen fluoride). In addi- 
tion if diffusion plate 72 includes a cfiffraction grating, the 
diffusion angle A* can be controlled by adjusting the 
grating spacing. 

As discussed above In connection with deflection 

10 prism 30 (see FIGS. 1-4), it is generally preferred to set 
the diffusion angle A' such that A' = NA p - NAj to 
ensure the periphery of the optical components receive 
light during photo-cleaning. Also, diffusion plate 72 can 
be used in analogous fashion to deflection prism 30 as 

75 it is used in optical exposure apparatuses 5, 40, 50 and 
55 shown in FIGS. 1-4. FIGS. 7-10 show optical expo- 
sure apparatuses 70, 75. 80 and 85 which include diffu- 
sion plate 72 and which operate in the same manner as 
optical exposure apparatuses 5, 40, 50 and 55, respec- 

20 tively, which include deflection prism 30, as discussed 
above. 

As can be appreciated from the above discussion, 
realizing a robust DUV optical exposure apparatus and 
a method of patterning a workpiece using the apparatus 

25 is extremely difficult because of the aforementioned 
contamination of the optical components. It is a particu- 
larly daunting problem because it is virtually impossible 
to reduce the humidity to zero or to eliminate the pres- 
ence of organic compounds, which are ubiquitous in a 

30 semiconductor manufacturing environment. Accord- 
ingly, it is essential to have an optical exposure appara- 
tus and method that incorporates photo-cleaning 
techniques which allow for a high transmittance to be 
maintained when performing exposures. 

35 Thus, with reference now to FIG. 1 1 , there is shown 
a preferred embodiment of an projection exposure 
apparatus 100 of the present invention for patterning a 
workpiece. As shown in FIG. 11, laser light is supplied 
as a nearly parallel tight beam from light source 10, 

40 which is, for example an ArF excimer laser that oscil- 
lates pulsed light having an output wavelength of 193 
nm. This laser light beam is guided to light transmitting 
window 104 on the side of projection exposure appara- 
tus 100. Accordingly, projection exposure apparatus 

45 100 is housed in a chamber 102 and filled with an inert 
gas like nitrogen, for example, to prevent the adherence 
of moisture and organic matter and the like in the 
atmosphere, to the optical elements and the like in 
chamber 104. 

so The laser light passing through light transmitting 
window 104 is reflected by reflective minor 42, and 
guided to optical integrator ("fl/s-eye lens") 13. Fl/s- 
eye lens 13 is constituted by bundling numerous lens 
elements, and a light source image is formed on the exit 

55 surface side of these lens elements. Accordingly, at the 
exit surface side of fl/s-eye lens 13. numerous light 
source images (i.e., secondary light sources, not 
shown) corresponding to the number of lens elements 
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comprised thereof are formed. 

Nevertheless, although one fly's-eye lens 13 is pro- 
vided in the present example, a f l/s-eye lens can also 
be provided as a second optical integrator between 
fly's-eye lens 13 and light source 10 or reflective mirror 
42. Furthermore, an internal reflection-type rod-shaped 
optical member can also be used in place of fly's-eye 
lens 13. 

In addition, as discussed later in detail, a variable 
aperture stop 14 (changing apparatus or changing 
means that can change the numerical aperture NA, of 
the illumination optical system) which can set a plurality 
of aperture stops having a predetermined shape or a 
predetermined size at a position wherein the numerous 
secondary light sources formed by the fly's-eye lens 13 
are formed, is included. 

The light beam from the numerous secondary light 
sources formed by the fly's-eye lens 13 is reflected by 
reflective mirror 18, and subsequently condensed by 
condenser optical system 19, comprising a plurality of 
refractive optical elements, like lenses. Consequently, 
the pattern, such as a circuit pattern, formed on reticle 
20 is superimposingly and uniformly illuminated. Then, 
the image of the circuit pattern on reticle 20 is formed on 
workpiece 22 (e.g., a wafer coated with resist) by means 
of projection lens 21 . Consequently, the resist coated on 
the wafer is exposed and the circuit pattern image is 
transferred onto workpiece (wafer) 22. Furthermore, 
projection lens 21 in the present example completely 
comprises optical elements like refractive lenses, and 
an aperture stop 1 10 is arranged at the position of the 
pupil (entrance pupil) of projection lens 21. In addition, 
aperture stop 110 and variable aperture stop 16 are at 
optically conjugate positions. 

Accordingly, reticle 20 is supported by reticle stage 
107 that moves two-dimensionally within the plane 
orthogonal to the paper surface of FIG. 1 1 . The position 
information from measurement systems, like an interfer- 
ometer system (not shown), that measures the position 
of reticle stage 107 is input to control system 27 as the 
controlling means. Control system 27 controls the posi- 
tion of reticle stage 107 via a drive system (not shown) 
based on this position information. 

In addition, workpiece (wafer) 22 is mounted on 
workpiece (wafer) stage 23 that moves two-dimension- 
ally in the plane orthogonal to the paper surface of FIG 
11. The position information from measurement system 
108, like an interferometer system, that measures the 
position of this wafer stage 23 is input to control system 
27 as the controlling means. Control system 27 controls 
the position of workpiece (wafer) 23 via a drive system 
109 based on this position information. 

In addition, in the projection exposure apparatus 
shown in FIG. 1 1 . a transmittance measurement system 
is provided to perform measurements related to the 
transmittance of the illumination optical system 42 to 19 
and projection lens 21 . A first detector 44b related to the 
transmittance measurement system is arranged below 



reflective mirror 44b, and a second detector 24 related 
to the transmittance measurement system is arranged 
at one end of workpiece (wafer) stage 23. Furthermore, 
a third detector 112 related to the transmittance meas- 
5 urement system is arranged at one end of reticle stage 
107. 

First, first detector 44b provided below reflective 
minor 42, (which, in this case, is partially transmitting) 
and detects the output of ArF excimer laser light from 

w light source 10 by photoelectrical^ detecting the quan- 
tity of light, and the illumination intensity and the like of 
the transmitted light from one part of reflective mirror 42. 
Then, the output from first detector 44b is input to con- 
trol system 27 as the controlling means. 

is In addition, by setting, via drive system 109, second 
detector 24, provided at one end of workpiece (wafer) 
stage 23, in the plane wherein the workpiece (wafer) 22 
is arranged as the surface to be irradiated (or the image 
plane of projection lens 21), the quantity of light and illu- 

20 mination intensity and the like at the plane wherein 
wafer 22 is arranged (or the image plane of projection 
lens 21) are detected. Then, the output from second 
detector 24 is input into control system 27 as the con- 
trolling means. 

25 Furthermore, by setting, via a drive system (not 
shown), third detector 112. provided at one end of reti- 
cle stage 107, in the plane wherein reticle 20 is prefera- 
bly arranged, the quantity of light and illumination 
intensity and the like of the illumination light beam sup- 

30 plied to the surface of reticle 20 are measured. Then, 
the output from third detector 1 1 2 is input to control sys- 
tem 27 as the controlling means. 

A divider unit and discrimination unit (not shown) 
are provided inside control system 27. The divider unit 

35 outputs to the discrimination unit the value of the output 
from second detector 24 divided by the output from first 
detector 44b (value corresponding to the light transmit- 
tance of reflective mirror 42, condenser optical system 
19 and projection lens 21), or the value of the output 

40 from third detector 112 divided by the output from sec- 
ond detector 24 (value corresponding to the light trans- 
mittance of projection lens 21). Then, the discrimination 
unit judges whether the transmittance of the projection 
exposure apparatus has dropped by discriminating 

45 whether the output from the divider unit has reached a 
predetermined threshold value. Then, discrimination 
unit starts the exposure operation or continuously exe- 
cutes the exposure operation, or judges whether to start 
the photo-cleaning operation. 

so In addition, a gas supply apparatus 120 for supply- 
ing an inert gas like nitrogen to chamber 102 and a plu- 
rality of spaces formed between a plurality of optical 
components inside projection lens 21, and a gas dis- 
charge apparatus 130, for discharging the gas inside 

55 chamber 102 and the gas inside a plurality of spaces 
formed between a plurality of optical components inside 
projection lens 21, are provided outside of chamber 
102. Furthermore, the inert gas is not limited to nitro- 
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gen, and gases like hefium and argon can also be used. 

Then gas supply apparatus 120 supplies inert gas 
(dried inert gas) like dried nitrogen to chamber 102 
through pipe 122, and also supplies inert gas (dried 
inert gas) like dried nitrogen into projection lens 21 s 
through pipe 124. In addition, gas discharge apparatus 
130 discharges, through pipe 132, the gas inside cham- 
ber 102, and also discharges through pipe 134 the gas 
inside projection lens 21. The operation of gas supply 
apparatus 1 20 together with gas discharge apparatus io 
130 is controlled by control system 27. 

Next, variable aperture stop 14 as the changing 
apparatus or changing means that changes the numer- 
ical aperture NAj of the illumination optical system in 
projection exposure apparatus 100 discussed above, is 
will be explained. 

The a value as the coherence factor (or, illumination 
coherence) is defined by the formula a = NAj/NA p , 
wherein, NA { = sin0| is the numerical aperture of illu- 
mination optical system determined by ray Rj parallel to 20 
optical axis A passing therethrough from the outermost 
circumference (outermost diameter) of variable aper- 
ture stop 14, and NA p = sine o is the numerical aper- 
ture on the illumination optical system side of projection 
lens 21 determined by ray R c parallel to optical axis a 25 
passing through projection lens 21 from the outermost 
circumference (outermost diameter) of aperture stop 
1 10 in projection lens 21 , as shown in FIG. 1 1 . 

Furthermore, aperture stop 110 is optically conju- 
gate to variable aperture stop 1 4 in the illumination opti- 30 
cal system. Since the image of variable aperture stop 
14 (image of secondary light sources) is formed at the 
pupil of projection lens 21 , the a value as the coherence 
factor can also be defined by the following formula, 
wherein D 14 is the diameter of the image of variable 35 
aperture stop 14, and D 110 is the diameter of aperture 
stop 1 10 of projection lens 21 : 

a = D 14 /D 110 . 

40 

Generally, projection exposure apparatus is consti- 
tuted so that the a value of the projection exposure 
apparatus in the photolithography process is set to the 
range of 0.3 - 0.8. In the present example, variable aper- 
ture stop 1 4 shown in FIG. 1 1 is settably provided at the 45 
secondary light source position formed by fly's-eye lens 
13. 

FIG. 12 shows a more concrete configuration of 
variable aperture stop 1 4 shown in FIG. 1 1 . As shown in 
FIG. 12, variable aperture stop 14 has turret plate 140 so 
having eight aperture stops 140a-140h formed on a 
transparent substrate, like quartz. Aperture stops 140a, 
140e to 140h having five circular apertures are for the 
purpose of actively changing the a value. Among these, 
three aperture stops 140e, 140f. 140g are used during 55 
the actual exposure operation. The remaining two aper- 
ture stops 140a, 140h are used during the photo-clean- 
ing operation. 



Furthermore, the other three aperture stops having 
modified apertures are for the purpose of improving the 
resolving power of projection lens 21 by using them dur- 
ing the exposure operation Among these, the two aper- 
ture stops 140c, 140d have annular apertures with 
mutually differing annular ratios. The remaining one 
aperture stop 140b is a stop having four off -centered 
apertures in order to form four off-centered secondary 
light sources. 

Turret plate 140 having eight aperture stops 140a - 
140h is rotated via drive system 146, such as a motor, 
shown in FIG. 1 1 . One aperture stop among the eight 
aperture stops, namely an aperture stop having a 
desired aperture shape, is set at the secondary light 
source position by driving system 146, which is control- 
led by control system 27. 

FIG. 13 shows the images of aperture stops 140a, 
140e to 140h, having circular apertures of mutually dif- 
fering sizes, formed on aperture stop 110 inside projec- 
tion lens 21. First if aperture stop 140e having the 
smallest circular aperture is set in the illumination opti- 
cal path, numerical aperture NAj of the illumination opti- 
cal system becomes the smallest. At this time, the 
image of aperture stop 140e having aperture diameter 
D i40e is formed inside projection lens 110 having aper- 
ture diameter D 110 and the o value is set to 0.4. In other 
words, the relation a = D 140e /D 110 = NA,/NA p = 0.4 
is established. Accordingly, if aperture stop 140e is set 
inside the illumination optical path, the pattern of reticle 
20 can be transferred onto workpiece (wafer) 22 based 
on a value of 0.4. 

In addition, if aperture stop 140f, having a circular 
aperture larger than aperture stop 140e, is set in the 
illumination optical path, then numerical aperture NAj of 
the illumination optical system becomes larger than 
when aperture stop 140e was set in the illumination 
optical path. At this point, the image of aperture stop 
1401 having aperture diameter D 140f is formed inside 
projection lens 21 having aperture diameter D 110 , and 
the a value is set to 0.6. In other words, the relation 
a = D 140f /D 110 = NA ,/NAp = 0.6 is established. 
Accordingly, if aperture stop 1 40f is set inside the illumi- 
nation optical path, the pattern of reticle 20 can be 
transferred onto workpiece (wafer) 22 based on a a 
value of 0.6. 

In addition, if aperture stop 140g, having a circular 
aperture larger than aperture stop 140f, is set in the illu- 
mination optical path, then numerical aperture NAj of 
the illumination optical system becomes larger than 
when aperture stop 1 40f was set in the illumination opti- 
cal path. At this point the image of aperture stop 140g 
having aperture diameter D 140g is formed inside projec- 
tion lens 21 having aperture diameter D 110 , and the a 
value is set to 0.8. In other words, the relation 
a = D 140^110 = NA/NA p =0.8 is established. 
Accordingly, if aperture stop 140g is set inside the illumi- 
nation optical path, the pattern of reticle 20 can be 
transferred onto workpiece (wafer) 22 based on a a 
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value of 0.8. 

Furthermore, if aperture stop 140h, having a circu- 
lar aperture larger than aperture stop 140g, is set in the 
illumination optical path, then numerical aperture NAj of 
the illumination optical system becomes larger than 
when aperture stop 140g was set in the illumination 
optical path At this point, the image of aperture stop 
140h, having aperture diameter D 140h the same size as 
the aperture diameter D 110 of aperture stop 110. is 
formed, and the a value is set to 1 .0. In other words, the 
relation a = D 140h /D 110 = NAj/NA p = 1.0 is estab- 
lished. Accordingly, if aperture stop 140h is set in the 
illumination optical path, the illumination light beam is 
sufficiently guided as far as the effective diameter of the 
optical elements like lenses comprising condenser opti- 
cal system 19 of the illumination optical system, the 
effective diameter of optical elements like lenses com- 
prising projection lens 21 , and as far as the part beyond 
the effective diameters of these optical elements. Con- 
sequently, moisture and organic matter and the like 
adhering to the surfaces of these optical elements can 
be eliminated by the photo-cleaning effect due to the 
exposure illumination light beam. 

In addition, if aperture stop 140a, having a circular 
aperture larger than aperture stop 140h, is set in the 
illumination optical path, then numerical aperture NAj of 
the illumination optical system becomes larger than 
when aperture stop 140h Was set in the illumination 
optical path. At this point, the image of aperture stop 
140a having aperture diameter D 140a is formed so that 
it includes aperture stop 1 10a having aperture diameter 
D 110 , and the ct value is set to 1 J2. in other words, the 
relation a = D 140a /D no = NA,/NA p = 1.2 is estab- 
lished. Accordingly, if aperture stop 140a is set in the 
illumination optical path, the illumination light beam is 
sufficiently guided as far as the effective diameter of the 
optical elements like lenses comprising condenser opti- 
cal system 19 of the illumination optical system, the 
effective diameter of optical elements like lenses com- 
prising projection lens 21, naturally, and as far as the 
lens circumference part beyond the effective diameters 
of these optical elements. Consequently, an effect can 
be sufficiently obtained wherein moisture and organic 
matter and the like adhering to the surfaces of these 
optical elements is photo-cleaned. 

Next, the operation of the present example is 
explained. First it became apparent through various 
experiments that, as shown in FIG. 11, the transmit- 
tance of the optical system part of the projection expo- 
sure apparatus drops if the illumination light beam as 
the exposure light is not guided to the optical system 
part of the projection exposure apparatus, even in a 
state in which chamber 1 02 is filled with an inert gas like 
dried nitrogen and isolated from the atmosphere. Con- 
sequently, when performing the photolithography proc- 
ess to manufacture a semiconductor device. Step 1 is 
executed wherein the transmittance of the optical sys- 
tem part of the projection exposure apparatus 100 (i.e., 



reflective mirror 42 of the illumination optical system, 
condenser optical system 1 9, projection lens 21 and the 
like) is verified by the transmittance measurement sys- 
tem before starting up projection exposure apparatus 

5 shown in FIG. 1 and proceeding to the exposure opera- 
tion. Furthermore, the phenomenon wherein the trans- 
mittance of transmissive optical elements like 
condenser optical system 19 and projection lens 21 
drops appears if the phenomenon wherein the reflect- 

10 ance of reflective optical elements like reflective mirror 
1 8 and the like is reduced. 

First, in Step 1, if projection exposure apparatus 
100 transitions to a start-up state via a power supply 
(not shown) and light from light sources 10 is from an 

is ArF excimer laser, and reticle 20 is not present, control 
system 27 sets second detector 24, provided at one end 
of workpiece (wafer) stage 23, in the exposure plane of 
projection lens 21 via drive system 109. 

Next, control system 27 discriminates, based on the 

20 output from first detector 44b provided below reflective 
mirror 42 together with the output from second detector 
24 provide at one end of workpiece (wafer) stage 23, 
whether the light transmittance of a predetermined opti- 
cal system part of projection exposure apparatus 100 

25 has reached a predetermined value. In other words, the 
divider unit inside control system 27 calculates the ratio 
of both outputs based on the output from first detector 4 
and the output from second detector 12. Subsequently, 
the discrimination unit inside control system 27 discrim- 

30 i nates, based on the calculation results thereof, whether 
the output from the divider unit has reached a predeter- 
mined threshold value. If the output from the divider unit 
has not reached a predetermined threshold value, oper- 
ation transitions to Step 3 as the exposure operation 

35 discussed later, by means of this discrimination unit. If 
the output from the divider unit has reached the prede- 
termined threshold value, operation proceeds to the 
next Step 2 as the photo-cleaning process, by means of 
this discrimination unit. 

40 Furthermore, in Step 1 , it is preferable that control 
system 27 discriminates, based on the output from sec- 
ond detector 24 provided at one end of workpiece 
(wafer) stage 23. together with the output from third 
detector 112 provided at one end of reticle stage 107, 

45 whether the light transmittance of projection lens 21 of 
projection exposure apparatus 100 has reached a pre- 
determined value, and judges whether to proceed to 
Step 2 after further including the discrimination results 
related to the light transmittance of projection lens 21. 

so At this point, in order to obtain the output from third 
detector 1 12, it is necessary that control system 27 set 
third detector 112. provided at one end of reticle stage 
107, in the plane wherein the reticle should preferably 
be arranged. 

55 In Step 2, to execute the photo-cleaning process, 
control system 27 first sets the aperture size of variable 
aperture stop 14 via drive system 146. Accordingly, con- 
trol system 27 rotates turret plate 140 via drive system 
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146, and sets an appropriate aperture stop, 140a or 
140h, in the illumination optical path so that the a value 
is 1 or greater. 

To paraphrase, control system 27 rotates turret 
plate 140 via drive system 146 and sets an appropriate 
aperture stop, 140a or 140h, in the illumination optical 
path so that the following relation is satisfied: 

NAj £ NA p . 

Consequently, an illumination light beam is suffi- 
ciently guided as far as the effective diameter of the 
optical elements like lenses comprising condenser opti- 
cal system 19 of the illumination optical system, the 
effective diameter of the optical elements like lenses 
comprising projection lens 21 and, further, the part 
beyond the effective diameters of these optical ele- 
ments. As a result, moisture and organic matter and the 
like adhering to the surfaces of these optical elements 
can be eliminated by the photo-cleaning effect due to 
the exposure illumination light beam. 

In addition, there is a possibility that the moisture 
and organic matter and the like that separated from the 
surfaces of optical elements by means of the photo- 
cleaning effect due to the irradiation of the exposure illu- 
mination light beam may be suspended in chamber 102 
or in a predetermined plurality of spaces formed 
between a plurality of optical elements. Consequently, 
control system 27 operates gas supply apparatus 120 
together with gas discharge apparatus 130 to forcibly 
discharge to outside the apparatus moisture and 
organic matter and the like that separated from the sur- 
faces of optical elements. In other words, based on a 
command from control system 27, gas supply appara- 
tus 120 supplies inert gas like newly dried nitrogen into 
chamber 102 through pipe 122 and inside projection 
lens 21 through pipe 124, respectively. Simultaneous 
therewith, gas discharge apparatus 130, based on a 
command from control system 27, discharges to outside 
of projection exposure apparatus 100 the inert gas that 
includes moisture and organic matter and the like inside 
chamber 102 through pipe 132, and the inert gas that 
includes moisture and organic matter and the like inside 
projection lens 21 through pipe 134. 

Based thereon, since chamber 102 and projection 
lens 21 are filled with inert gas like nitrogen that has 
been cleaned by eliminating moisture and organic mat- 
ter and the like, the transmittance of the optical system 
part of the projection exposure apparatus can be 
restored to its original state. Furthermore, although inert 
gas fike newly dried nitrogen is supplied respectively 
into chamber 102 as well as projection lens 21 by gas 
supply apparatus 120 during the photo-cleaning proc- 
ess of Step 2, it is preferable to adopt a configuration 
wherein a strong oxidizing gas like oxygen (O2). ozone 
(0 3 ) or active oxygen (O*) is mixed into the inert gas like 
nitrogen to be supplied. As a result the photo-cleaning 
effect is accelerated by the action of the strong oxidizing 



gas, and a larger effect can be expected. Also, at the 
same time as the transition from the exposure process 
of Step 1 to the photo-cleaning process of Step 2, air is 
flowed into at least one of chamber 102 or projection 

5 lens 21. Subsequently, the photo-cleaning process of 
Step 2 can be started in an air environment, and can be 
gradually replaced by the inert gas. 

When the photo-cleaning process of Step 2 is com- 
pleted, operation transitions to the exposure operation 

10 as the third step. In Step 3, the actual exposure opera- 
tion is executed. First, when reticle 20 is set on reticle 
stage 107 (namely the pattern surface of reticle 20 is set 
in the object plane of projection lens 21 ), control system 
27 sets the exposure surface 22s of workpiece (wafer) 

15 22, supported by workpiece (wafer) stage 23 via drive 
system 109, in the image plane of projection lens 21. 
Simultaneous therewith, control system 27 sets the 
aperture size of variable aperture 14 via drive system 
146. 

20 Accordingly, the exposure conditions, like the a 
value, and the exposure map, in accordance with which 
workpiece (wafer) 22 to be exposed is sequentially car- 
ried with each exposure completion, are pre-input into 
the memory unit (not shown) inside control system 27 

25 via input system 160, which may be a console. Based 
on this input information, control system 27 rotates tur- 
ret plate 140 via drive system 146, and sets one desired 
aperture stop from among the six aperture stops 140b 
to 140g for exposure. Based thereon, the pattern of ret- 

30 icle 20 under the condition of the desired a value can be 
transferred onto workpiece (wafer) 22 in a state wherein 
the transmittance of a predetermined optical system of 
the projection exposure apparatus is restored. As a 
result, a satisfactory microscopic pattern image can be 

35 faithfully transferred onto workpiece (wafer) 22 and 
highly integrated satisfactory semiconductor devices 
can be manufactured with high throughput. 

Furthermore, even if the exposure operation of the 
above Step 3 is executed, there are cases where con- 

40 taminants like moisture and organic matter adhere 
inside chamber 102 and projection lens 21 , reducing the 
transmittance of the optical system in the projection 
exposure apparatus 100. 

Consequently, if n is given as an integer 1 or 

45 greater, the exposure operation is f irst stopped, opera- 
tion returns to Step 1 and the transmittance is meas- 
ured after the exposure is completed of the n m 
photosensitive substrate since the start of exposure and 
before the exposure of the n+1 1 * 1 photosensitive sub- 

50 strate is executed. For example, operation returns to the 
transmittance measurement process of Step 1 in a peri- 
odic step every tune the exposure of 300 - 500 work- 
piece (wafers) 22 is completed- Then, control system 27 
again confirms the transmittance of a predetermined 

55 optical system part of projection exposure apparatus 
100 (reflective mirror 18 of the illumination optical sys- 
tem, condenser optical system 19 and projection lens 
21 and the like) by means of the transmittance meas- 
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urement system. 

If a drop in the transmittance of a predetermined 
optical system part of the projection exposure appara- 
tus is not confirmed, operation returns again to Step 3 
and the exposure operation continues. If a drop in the 
transmittance of a predetermined optical system part of 
the projection exposure apparatus is confirmed, opera- 
tion returns again to Step 2 and the photo-cleaning 
process is executed. 

As can be understood from the above, since the illu- 
mination light beam is guided as far as a part beyond 
the effective diameter of each optical element of the 
optical system during exposure, it is preferable to 
change the numerical aperture of the Illumination opti- 
cal system so that the condition NA i1 > NAj 2 in the 
present example is satisfied, wherein NA i1 is the numer- 
ical aperture of the illumination optical system in the 
photo-cleaning process of the abovementioned Step 2, 
and NA| 2 is the numerical aperture of the illumination 
optical system in the exposure process of the above- 
mentioned Step 2. 

Furthermore, since the illumination light beam is 
more reliably and sufficiently guided as far as the part 
beyond the effective diameter of each optical element of 
the optical system during exposure, it is preferable to 
change the numerical aperture of the illumination opti- 
cal system so that the condition NA i1 > NAp (in other 
words, the condition of a ^ 1) is satisfied. 

Furthermore, in the example discussed above, the 
fact that the a value in the photo-cleaning process is set 
to 1 or above was mentioned. However, the present 
invention is not limited thereto, and the numerical aper- 
ture of the illumination optical system in the photo- 
cleaning process may be set so that the maximum a 
value is larger than the maximum a value during the 
exposure operation. In this case, in order to obtain a 
more satisfactory photo-cleaning effect it is preferable 
to satisfy the following relation: 

NAj 2> 0.85NA p or NA n £ 0.85NA p 

In addition, in the example discussed above, if 
photo-cleaning is performed in the photo-cleaning proc- 
ess using a reticle for photo-cleaning having a predeter- 
mined pattern like a diffractive grating, a greater photo- 
cleaning effect can be expected, since the light due to 
the diffracted light of the reticle for photo-cleaning and 
the like can be guided throughout the optical system. 

The above working example discussed the case 
wherein projection lens 21 completely comprised refrac- 
tive optical elements. However, the present invention is 
not limited thereto, and may comprise a catadioptric- 
type projection optical system that includes refractive- 
type optical elements like lenses and reflective-type 
optical elements like minors. Furthermore, projection 
lens 21 may also mostly or completely comprise reflec- 
tive-type optical elements like mirrors. If projection lens 
21 comprises mainly reflective-type optical elements 
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like mirrors, the measurement of the reflectance of the 
optical system predominates over the transmittance of 
the optical system, but is still included in the concept of 
the present invention wherein the transmittance of the 

5 optical system is measured. Furthermore, since the 
wavelength of the light recognized as necessary for 
photo-clearing is a short wavelength under 200 nm, it is 
extremely effective to provide a photo-cleaning function 
in an exposure apparatus that exposes with a light 

to source having a short wavelength under 200 nm. 

Next, an example related to a method for manufac- 
turing a projection lens for a projection exposure appa- 
ratus will be explained. 

In Step 1, lens elements L, - L5 as the optical ele- 

15 merits comprising the projection optical system in 
accordance with design values like predetermined lens 
data, and lens barrels B 1 - B 5 that support the lens ele- 
ments are manufactured, as shown in FIG. 14. Specifi- 
cally, lens elements L-j - L5 are first fabricated using 

20 well-known lens fabrication machines so that they have 
a radius of curvature and on-axis thickness in accord- 
ance with the predetermined design values respectively 
based on predetermined optical materials. Subse- 
quently, an a nti reflection film is formed on the surfaces 

25 of the fabricated lens elements L<| - L5 in order to effi- 
ciently transmit light of the exposure wavelength (here- 
after, light of 193 nm) by means like well-known vapor 
deposition apparatuses. Lens barrels B 1 - B 5 that sip- 
port the lens elements are fabricated using well-known 

30 metalworking machines to a shape having predeter- 
mined dimensions respectively based on the predeter- 
mined materials (stainless steel and brass and the like). 
In addition, through-holes for injecting and discharging 
inert gas like nitrogen are fabricated in predetermined 

35 lens barrels B t - B 5> by means of metalworking 
machines. 

When the manufacture of parts comprising projec- 
tion lens 21 is completed, as described above, opera- 
tion transitions to the projection lens 21 assembly 

40 process in Step 2. In Step 2, Lens elements L 1 - L 5 man- 
ufactured in Step 1 are assembled in lens barrels B r B 5 
manufactured in the same Step 1 , as shown in FIG. 14, 
and five divided lens barrel units are manufactured. Fur- 
thermore, at this point, injection pipes 124a -124d, to 

45 which injection side valves V n - V 14 are attached, and 
discharge pipes 134a -134d, to which discharge side 
valves V 21 -V 24 are attached, are attached to numerous 
through holes formed in predetermined five lens barrels 
Bi - B 5 . 

50 As shown in FIG. 14, when the manufacture of the 
above five divided lens barrel units is completed, 
assembly of the divided lens barrel units is completed 
by ordering and adjusting each divided lens barrel unit 
while interposing washers WA 1 - WA4. Then, after the 

55 projection optical system is assembled, in order to con- 
firm the optical performance thereof a test pattern (not 
shown) is arranged at the object plane (not shown) of 
projection lens 21, for example, and the test pattern 
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image (not shown) formed at the image plane (not 
shown) of projection lens 21 is observed through a tele- 
vision camera (not shown). When the assembly process 
of projection lens 21 in the above Step 2 is completed, 
operation transitions to the photo-cleaning process. s 

The work in the above Step 1 and Step 2 must basi- 
cally be performed in the atmosphere (air). In such an 
environment, moisture and organic matter contained in 
the atmosphere adheres to the surfaces of lens ele- 
ments L 1 - L5, resulting in greatly decreasing the trans- 10 
mittance of the assembled projection lens 21. 

Accordingly, in Step 3, projection lens 21 assem- 
bled in Step 2 is irradiated with light of a wavelength the 
same as the exposure light, and the moisture and 
organic matter adhering to the surfaces of the lens ele- is 
merits comprising projection lens 21 are eliminated. 
Furthermore, since the wavelength of light recognized 
as necessary to perform photo-cleaning is a short wave- 
length under 200 nm, it is effective to use the photo- 
cleaning process when manufacturing a projection opti- 20 
cal system for an exposure apparatus that exposes with 
light of a short wavelength under 200 nm. 

FIG. 1 5 shows a schematic block diagram of photo- 
cleaning apparatus 170 for irradiating projection lens 21 
assembled in Step 2 with light of a wavelength the same 25 
as the exposure light In FIG. 15. components having 
the same function in projection exposure apparatus 100 
of FIG. 1 1 are assigned the same symbols. As shown in 
FIG. 15, projection lens 21 assembled in Step 2 is first 
mounted inside chamber 102 of the photo-cleaning 30 
apparatus. In other words, projection lens 21 is mounted 
so that the object plane of projection lens 21 coincides 
with surface to be irradiated at the rear focal position of 
condenser optical system 19 in the illumination optical 
system. Next, four injection pipes 124a -124d. to which 35 
injection valves Vj - V 14 are attached, as shown in FIG. 

14, are connected to injection pipe 124 shown in FIG. 

15. In addition, tour discharge pipes 134a - 134d to 
which discharge valves V 21 - V 24 are attached, are con- 
nected to discharge pipe 134 shown in FIG. 15. When 40 
the above setup is completed, as shown in FIG. 1 5, con- 
trol system 27 operates gas supply apparatus 120 and 
gas discharge apparatus 130. Inert gas like dried nitro- 
gen is respectively supplied into chamber 102 and pro- 
jection lens 21 by means of gas supply apparatus 120. 45 
The air inside chamber 102 and projection lens 21 is 
discharged by means of gas discharge apparatus 130. 
Then, the inert gas inside chamber 102 and projection 
lens 21 is replaced with air. 

When chamber 102 and projection lens 21 are suf- so 
ficierrtly filled with inert gas, ArF excimer laser light from 
light source 10, that oscillates pulsed light having an 
output wavelength equal to the exposure wavelength 
(for example. 193 nm) is guided to the photo-cleaning 
apparatus 170 through window 104. The laser light ss 
passing through light transmitting window 104 is 
reflected by reflective mirror 174, guided to fl/s-eye 
lens 13 (i.e., optical integrator 13) and forms numerous 



light sources (secondary light sources) on the exit sur- 
face side of fl/s-eye lens 13. 

Aperture stop 1 4 having a circular aperture of a pre- 
determined size is provided at the position wherein the 
numerous secondary light sources formed by this f l/s- 
eye lens 13 are formed. Aperture stop 14 is constituted 
so that it satisfies the condition NA i1 ^ NAp (namely, the 
condition of a £ 1), wherein NA^ is the numerical aper- 
ture of the illumination optical system in the present 
process (photo-cleaning process). 

After the light beam from the numerous secondary 
light sources is reflected by reflective mirror 1 8, it is con- 
densed by condenser optical system 19 and superim- 
posingly and evenly illuminates the surface to be 
irradiated. The light beam that passed through this sur- 
face to be irradiated passes through projection lens 21 . 
By means thereof, moisture and organic matter and the 
like adhering to the surface of the plurality of optical ele- 
ments L| - L5 comprising projection lens 21 can be elim- 
inated by the photo-cleaning effect due to the exposure 
illumination light beam. 

Due to the photo-deaning effect owing to the irradi- 
ation of the above exposure illumination light beam, 
there is a possibility that moisture and organic matter 
and the like that separated from the surfaces of the plu- 
rality of optical elements - L5 comprising projection 
lens 21 may be suspended in chamber 102 or in the 
predetermined plurality of spaces formed between the 
plurality of optical elements. Consequently, control sys- 
tem 27 operates, simultaneous with the execution of the 
photo-cleaning process, gas supply apparatus 120 and 
gas discharge apparatus 130 to forcibly discharge to 
outside the apparatus the moisture and organic matter 
and the like that separated from the surfaces of the opti- 
cal elements. In other words, based on a command 
from control system 27, gas supply apparatus 120 sup- 
plies inert gas like newly dried nitrogen into chamber 
102 through pipe 122 and into projection lens 21 
through pipe 124, respectively. Simultaneous therewith, 
based on a command from control system 27. gas dis- 
charge apparatus 130 discharges to outside the projec- 
tion exposure apparatus the inert gas that includes the 
moisture and organic matter and the like inside cham- 
ber 102 through pipe 132, and the inert gas that 
includes the moisture and organic matter and the like 
inside projection lens 21 through pipe 134. 

As a result, since chamber 102 and projection lens 
21 are filled with inert gas like nitrogen that has been 
cleaned by eliminating moisture and organic matter and 
the like, it is possible to restore the transmittance of pro- 
jection lens 21 to its original condition. 

Furthermore, when performing the photo-cleaning 
process of Step 3, inert gas Gke newly dried nitrogen is 
supplied by gas supply apparatus 1 20 into chamber 1 02 
and projection lens 21 . respectively. However, it is pref- 
erable to mix a strong oxidizing gas like oxygen (O2), 
ozone (0 3 ) or active oxygen (O*) into the inert gas like 
the nitrogen supplied by gas supply apparatus 120. As 
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a result, the photo-cleaning effect is accelerated due to 
the action of the strongly oxidizing gas. and a greater 
effect can be expected. 

In addition, it is preferable to measure the transmit- 
tance of projection lens 21 before and after executing s 
the photo-deaning process of Step 3. In this case, 
moveable third detector 112 is arranged along the sur- 
face to be irradiated of the illumination optical system, 
and moveable second detector 24 is arranged along the 
image plane of projection lens 21 . When measuring the 10 
transmittance of projection lens 21 , third detector 1 12 is 
set in the surface to be irradiated, and second detector 
24 is set in the image plane of projection lens 21 . 

Then, control system 27 may be constituted so that, 
based on the output from third detector 112 and the out- is 
put from second detector 24, it discriminates whether 
the light transmittance of projection lens 21 has reached 
a predetermined value. Consequently, if the light trans- 
mittance of projection lens 21 is measured before exe- 
cuting the photo-cleaning process of Step 3, how long so 
the ArF exdmer laser light from light source 10 should 
be irradiated can be estimated. In addition, if the trans- 
mittance of projection lens 21 is measured after execut- 
ing the photo-deaning process of Step 3, the restoration 
status of the light transmittance of projection lens 21 25 
can be confirmed. 

If it is necessary to readjust projection lens 21 at the 
stage where the photo-cleaning process of the above 
Step 3 has completed, projection lens 21 is removed 
from chamber 102 of projection exposure apparatus 30 
170 in FIG. 15 and the operation returns to Step 2. In 
addition, if it is confirmed at the completion of Step 3 
that a sufficient image formation performance for pro- 
jection lens 21 was obtained in the abovementioned 
Step 1 , the projection exposure apparatus is completed 3s 
by removing the projection optical system from chamber 
104 of the photo-cleaning apparatus in FIG. 5, and 
attaching it to the optical exposure apparatus body as 
shown in FIG. 1 . 

With respect to the embodiment as shown in FIG. 40 
1 1 and FIG. 15, when the projection lens 21 has only a 
plurality of optical mirrors (e.g., plane mirror, concave 
mirror or convex mirror), it is possible that the control 
system 27 detects a reflectance of the projection optical 
system 21 based upon output signals from second and 45 
third detectors 24 and 112. Further with respect to the 
embodiment as shown in FIG. 1 1 and FIG. 1 5, when the 
illumination optical system has only a plurality of optical 
mirrors (e.g., plane mirror, concave mirror or convex 
mirror), it is possible that the control system 27 detects so 
a reflectance of the illumination optical system based 
upon the output signal from second detector 24. 

To summarize, according to the present invention 
as described above, since moisture and organic matter 
and the like adhering to the optical system comprising ss 
the projection exposure apparatus can be eliminated by 
means of photo-cleaning, a satisfactory reticle pattern 
image can be transferred onto a photosensitive sub- 



strate. Moreover, even if the transmittance of the projec- 
tion optical system drops in a photolithography process 
that includes an exposure method, since the transmit- 
tance of the projection optical system can be sufficiently 
restored by newly adopting a photo-cleaning process, 
semiconductor devices like LSIs having a higher level of 
integration can be manufactured since a finer pattern 
can be transferred onto a photosensitive substrate. In 
addition, if the photo-cleaning process according to the 
present invention is used when manufacturing the pro- 
jection optical system, it becomes possible to perform 
assembly and adjustment work of the projection optical 
system in a normal working environment, and the trans- 
mittance of the projection optical system can be suffi- 
ciently ensured. 

The above-described embodiments are meant to 
clarify the technical details of the present invention. For 
instance, the optical components are described and 
shown in the figures as single elements, whereas in 
practice one skilled in the art will know that such compo- 
nents may include multiple elements. In addition, the 
above-described embodiments can be combined (e.g., 
the oscillating lens embodiment can be employed in 
optical exposure apparatus 5 with certain obvious mod- 
ifications) to create other optical exposure apparatuses 
with photo-cleaning capability. Thus, since certain 
changes may be made to the apparatuses and meth- 
ods, disclosed herein with respect to the to the afore- 
mentioned preferred embodiments without departing 
from the scope of the invention, it is intended that all 
matter contained in the above description and shown in 
the accompanying drawings be interpreted in an illustra- 
tive and not in a limiting sense. 

Claims 

1 . An optical exposure apparatus for forming an image 
on a photosensitive substrate, the apparatus com- 
prising: 

a) an illumination optical system having a light 
source for generating a light beam; 

b) a reticle having a pattern, said reticle dis- 
posed adjacent said illumination optical sys- 
tem; 

c) a projection lens disposed adjacent said ret- 
icle and opposite said illumination optical sys- 
tem, and adjacent the photosensitive 
substrate; 

d) a predetermined space within said illumina- 
tion optical system and said projection lens; 

e) an exposure optical path through said prede- 
termined space; and 

0 a deflection member removably arranged in 
said predetermined space so as to cause a 
deflection of said exposure optical path to a 
deflected optical path that differs from said 
exposure optical path. 
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An optical exposure apparatus according to claim 
1 , wherein said deflection member includes a rotat- 
abie deflection prism removably disposed between 
said illumination optical system and said reticle. 

5 

An exposure optical apparatus for forming an image 
on a photosensitive substrate, the apparatus com- 
prising: 

a) an illumination optical system having a light io 
source and a light beam; 

b) a reticle having a pattern, said reticle dis- 
posed adjacent said illumination optical sys- 
tem; 

c) a projection lens disposed adjacent said ret- is 
icle and opposite said illumination optical sys- 
tem, and adjacent the photosensitive 
substrate; 

d) a predetermined space within said illumina- 
tion optical system and said projection lens; 20 

e) an exposure optical path through said prede- 
termined space; and 

f) one or more optical components movably 
mounted in said predetermined space so as to 
cause a deflection in said exposure optical path 25 
to an optical path that differs from said expo- 
sure optical path. 

An optical exposure apparatus according to claim 
3, wherein said one or more optical components 30 
includes rotatabie mirrors arranged in said illumina- 
tion optical system. 

An optical exposure apparatus according to claim 
3, wherein said one or more optical components 35 
includes moveable lenses arranged in said illumina- 
tion optical system. 

An optical exposure apparatus according to claim 
1, further including a shutter removably arranged 40 
between said projection lens and said photosensi- 
tive substrate. 

An optical exposure apparatus according to claim 
6, wherein said shutter has a surface that is ref lec- 45 
We. 

An optical exposure apparatus according to claim 
1, further including: 

so 

(a) a transmitted light detector that measures 
an intensity of said light beam when transmit- 
ted through said projection lens; and 
b) a stage for holding the photosensitive sub- 
strate, wherein said light detector is provided ss 
on said stage. 

An optical exposure apparatus according to claim 



7, further including a reflected light detector that 
measures an intensity of said light beam when 
reflected by said reflective, surface, wherein said 
reflected light detector is provided in one of said 
exposure optical path and said deflected optical 
path. 

10. An optical exposure apparatus according to claim 
9, further including an incident light detector that 
measures an intensity of said light beam when 
impinging thereon from a light source side of said 
projection lens, wherein said incident light detector 
is provided in one of said exposure optical path and 
said deflection optical path, on said light source 
side of said projection lens. 

11. A method of photo-cleaning an optical exposure 
apparatus for forming an image on a photosensitive 
substrate, the optical exposure apparatus having 
an illumination optical system and a projection lens, 
the method comprising the steps of: 

a) forming an exposure optical path in a prede- 
termined space within the illumination optical 
system and the projection lens; 

b) preventing the photosensitive substrate from 
being in said exposure optical path; and 

c) changing said exposure optical path to an 
optical path that differs from said exposure opti- 
cal path. 

12. A method of photo-cleaning according to claim 11, 
wherein said step b) is performed by inserting a 
shutter adjacent the photosensitive substrate. 

13. A method of photo-cleaning the optical components 
in an optical exposure apparatus for forming an 
image on a photosensitive substrate, the method 
comprising the steps of: 

a) forming an exposure optical path in a prede- 
termined space within the optical components; 

b) preventing the photosensitive substrate from 
being in said exposure optical path; and 

c) altering the position of one or more of the 
optical components so as to change said expo- 
sure optical path to an optical path that differs 
from sard exposure optical path. 

14. A semiconductor device manufacturing method 
comprising the steps of: 

a) forming an exposure optical path in a prede- 
termined space within an illumination optical 
system and a projection lens; 

b) providing a reticle with a pattern in said 
exposure optical path; 

c) disposing a photosensitive substrate in the 
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exposure optical path at a projection lens 
image plane and exposing said photosensitive 
substrate with an image of said reticle pattern; 

d) preventing the photosensitive substrate from 
being in said exposure optical path; and 

e) changing the exposure optical path to an 
optical path that differs from said exposure opti- 
cal path. 

15. A semiconductor device manufacturing method 
comprising the steps of: 

a) forming an exposure optical path in a prede- 
termined space within an illumination optical 
system and a projection lens, each having one 
or more optical components; 

b) providing a reticle with a pattern in said 
exposure optical path; 

c) disposing a photosensitive substrate in said 
exposure optical path at a projection lens 
image plane and exposing said photosensitive 
substrate with an image of said reticle pattern; 

d) preventing the photosensitive substrate from 
being in said exposure optical path; and 

e) altering the position of one or more of said 
optical components so as to change said expo- 
sure optical path to an optical path that differs 
from said exposure optical path. 

1 6. An optical exposure apparatus for forming an image 
on a photosensitive substrate, the apparatus com- 
prising: 

a) an illumination optical system having a light 
source and a light beam; 

b) a reticle having a pattern disposed adjacent 
said illumination optical system; 

c) a projection lens disposed adjacent said ret- 
icle and opposite said illumination optical sys- 
tem, and adjacent the photosensitive 
substrate; 

d) a predetermined space within said illumina- 
tion optical system and said projection lens; 

e) an optical exposure path through said prede- 
termined space; and 

f) an optical path scanning system removably 
arranged in said predetermined space so as to 
cause a deflection in said exposure optical path 
to an optical path that differs from said expo- 
sure optical path. 

17. A method of photo-cleaning an optical exposure 
apparatus for forming an image on a photosensitive 
substrate, the optical exposure apparatus having 
an illumination optical system and a projection lens, 
the method comprising the steps of: 

a) forming an exposure optical path in a prede- 



termined space within the illumination optical 
system and the projection lens; 

b) changing said exposure optical path to a 
second optical path that differs from said expo- 

5 sure optical path ; and 

c) scanning said second optical path. 

18. A semiconductor device manufacturing method 
comprising the steps of: 

10 

a) forming an exposure optical path in a prede- 
termined space within an illumination optical 
system and a projection lens; 

b) changing said exposure optical path to a 
is second optical path that differs from said expo- 
sure optical path; and 

c) scanning said second optical path. 

1 9. An optical exposure apparatus for forming an image 
20 on a photosensitive substrate, the apparatus com- 
prising: 

a) an illumination optical system having a light 
source for forming an exposure light beam; 
25 b) a reticle having a pattern, said reticle dis- 

posed adjacent said illumination optical sys- 
tem; 

c) a projection lens disposed adjacent said ret- 
icle and opposite said illumination optical sys- 

30 tern, and adjacent the photosensitive 

substrate; 

d) a predetermined space within said illumina- 
tion optical system and said projection lens; 

e) wherein said illumination optical system pro- 
35 vides an exposure light beam through said pre- 
determined space; and 

f) a light diffusing member removably arranged 
in said predetermined space so as to create a 
second light beam that is larger than said expo- 

40 sure light beam. 

20. An optical exposure apparatus according to claim 
19, further including apparatus for removing said 
reticle and replacing it with said light diffusing mem- 

45 ber. 

21. An optical exposure apparatus according to daim 
19, further including a shutter removably arranged 
between said projection lens and said photosensi- 

50 five substrate. 

22. An optical exposure apparatus according to claim 
21, wherein said shutter has a surface facing said 
projection lens that is reflective. 



55 

23. An optical exposure apparatus according to claim 
22, wherein said shutter is tiltably mounted so that 
said surface has a normal that is variable. 



30 



35 



16 



<EP 0874283A2 I > 



31 EP0 874 

24. An optical exposure apparatus according to claim 
19, further including: 

a) a transmitted light detector that measures an 
intensity of said exposure light beam when s 
transmitted through said projection lens, and 

b) a stage that holds the photosensitive sub- 
strate, wherein said transmitted light detector is 
provided on said stage. 

w 

25. An optical exposure apparatus according to claim 
22, further including a reflected light detector that 
measures an intensity of one of said exposure light 
beam and said second light beam, wherein said 
reflected light detector is positioned to detect said 15 
one of said exposure light beam and said second 
light beam after reflection from said reflective sur- 
face. 

26. An optical exposure apparatus according to claim 20 
25, further including an incident light detector that 
measures an intensity of said exposure light beam 
when impinging thereon from a light source side of 
said projection lens is provided in one of said expo- 
sure optical path and said deflection optical path, 25 
on said light source side of said projection lens. 

27. A method of photo-cleaning an optical exposure 
apparatus for forming an image on a photosensitive 
substrate, the optical exposure apparatus having 30 
an illumination optical system and a projection lens, 
the method comprising the steps of: 

a) forming an exposure light beam in a prede- 
termined space within the illumination optical 35 
system and the projection lens; 

b) preventing the photosensitive substrate from 
being in said exposure light beam; and 

c) changing said exposure light beam size to 
create a second light beam that is larger in size 40 
than said exposure light beam. 

28. A method of photo-cleaning an optical exposure 
apparatus for forming an image on a photosensitive 
substrate, the optical exposure apparatus having 45 
an illumination optical system and a projection lens, 
the method comprising the steps of: 

a) forming an exposure light beam in a prede- 
termined space within the illumination optical so 
system and the projection lens; and 

b) changing said exposure light beam to a sec- 
ond optical path that is larger in size than said 
exposure light beam. 

55 

29. A semiconductor device manufacturing method 
conprising the steps of: 
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a) forming an exposure light beam in a prede- 
termined space within an illumination optical 
system and a projection lens; 

b) exposing a photosensitive substrate; and 

c) changing the exposure optical path to a sec- 
ond optical path that differs from said exposure 
optical path. 

30. An optical exposure apparatus comprising: 

a) a light source having a predetermined wave- 
length; 

b) an optical system having a plurality of optical 
elements; 

c) a measuring system for measuring one of (i) 
transmittance and (ii) reflectance of at least 
one of said plurality of optical elements; 

d) a photo-cleaning unit for increasing one of (i) 
said transmittance and (ii) said reflectance of 
said at least one of said plurality of optical ele- 
ments; and 

e) a control system connected to said photo- 
cleaning unit and said measuring system. 

31. An optical exposure apparatus according to claim 
30. wherein said optical system includes an illumi- 
nation optical system. 

32. A method of forming a reticle pattern on a photo- 
sensitive substrate with an optical system having a 
plurality of elements, the method comprising: 

a) measuring one of (i) transmittance and (ii) 
reflectance of at least one of the plurality of 
optical elements; 

b) increasing said one of (i) said transmittance 
and (ii) said reflectance; and 

c) exposing the reticle pattern onto the photo- 
sensitive substrate using the optical system. 

33. A method according to claim 32, further including, 
the step of determining whether at least one of said 
step b) and said step c) is carried out based on 
said step a). 

34. A method of fabricating semiconductor devices 
comprising the steps of: 

a) providing an optical system having a plurality 
of elements, including a reticle with a pattern; 

b) measuring on of (0 transmittance and (ii) 
reflectance of at least one of said plurality of 
optical elements; 

c) increasing said one of (I) said transmittance 
and (ii) said reflectance; and 

d) exposing said reticle pattern onto a photo- 
sensitive substrate using said optical system. 
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35. A method according to claim 34, further including 
the step of determining whether at least one of said 
step c) and step d)is carried out or step d) is carried 
out, based on said step b). 

36. An optical exposure apparatus comprising: 

a) a light source emitting light of a predeter- 
mined wavelength; 

b) an optical system comprising a plurality of 
optical elements, said optical system disposed 
adjacent said light source; and 

c) a photo-cleaning unit disposed between said 
light source and said optical system far improv- 
ing of (i) transmittance and (ii) reflectance of at 
least one of said plurality of optical elements. 

37. An optical exposure apparatus according to claim 
36. wherein said optical system includes an illumi- 
nation optical system and a projection lens. 

38. A projection exposure apparatus comprising: 

a) an illumination optical system having a light 
source, a light beam, a variable aperture for 
controlling a numerical aperture if said illumina- 
tion optical system, and an illumination optical 
system transmittance; 

b) a reticle having a pattern, said reticle dis- 
posed adjacent said illumination optical sys- 
tem; 

c) a projection lens, disposed adjacent said ret- 
icle and opposite said illumination optical sys- 
tem, and adjacent the photosensitive substrate, 
and having a projection lens transmittance; 

d) a transmittance measurement system for 
measuring at least one of said illumination opti- 
cal system transmittance and said projection 
tens transmittance; and 

e) a control system connected to said transmit- 
tance measurement system and said variable 
aperture for changing said variable aperture so 
as to change said numerical aperture. 

39. A projection exposure apparatus according to claim 
38. wherein said illumination optical system has a 
numerical aperture NA,, said projection lens has a 
numerical aperture NAp and which satisfies the 
condition 

NAj 2> NA p . 

40. A method of exposing a pattern on a reticle onto a 
plurality of photosensitive substrates using an 
exposure apparatus having an illumination optical 
system that generates light, and a projection lens, 
the method comprising the steps of: 



a) performing n (n> 0) exposures of one of the 
plurality of photosensitive substrates by illumi- 
nating the pattern on the reticle with the light 
from the illumination optical system and pro- 

5 jecting an image of the pattern with the projec- 

tion lens having an optimum transmittance onto 
one of the plurality of photosensitive sub- 
strates; and 

b) after performing n exposures but before per- 
10 forming an n+1 exposure, irradiating said pro- 
jection lens with the light from the illumination 
optical system so as to restore said optimum 
transmittance of said projection lens 

is 41. A method according to claim 40, further including 
the step of: 

c) controlling the illumination optical system so 
that it has a numerical aperture NAj 2 in said 

20 step b) during said irradiating process, and a 

numerical aperture NA i1 in said step a) while 
performing said n exposures, and so that: 

NA n ^ NAg. 

25 

42. A method according to claim 41 , wherein said pro- 
jection lens has a numerical aperture NAp. further 
wherein in said step c) said controlling is performed 
so that: 

30 

NA„*NA. p . 

43. A semiconductor manufacturing method of expos- 
ing a pattern on a reticle onto a plurality of photo- 

35 sensitive substrates, the exposure apparatus 
having an illumination optical system that gener- 
ates light, and a projection lens, the method com- 
prising the steps of: 

40 a) performing n (n^ 0) exposures of one of the 

plurality of photosensitive substrates by illumi- 
nating the pattern on the reticle with the light 
from the illumination optical system and pro- 
jecting an image of the pattern with the projec- 

45 tion lens having an optimum transmittance onto 

the photosensitive substrate; and 

b) after performing n exposures but before per- 
forming an n+1 exposure, irradiating said pro- 
jection lens with the light from the illumination 

so optical system so as to restore said optimum 

transmittance of said projection lens. 

44. A semiconductor manufacturing method according 
to claim 43. further including the step of: 

55 

c) controlling the illumination optical system so 
that it has a numerical aperture NAj 2 in said 
step b) during said irradiating process, and a 
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numerical aperture NA^ in said step a) while 
performing said n exposures, so that: 

5 

45. A semiconductor manufacturing method according 
to claim 44, wherein said projection lens has a 
numerical aperture NAp, further wherein in said 
step c) said controlling is performed so that: 

10 

NA n 2> NA p . 

46. A semiconductor manufacturing method according 
to claim 43, wherein said projection lens has a plu- 
rality of optical components with a plurality of is 
spaces there between, and said irradiating process 

in step b) further includes the step of injecting an 
inert gas into said projection lens into said plurality 
of spaces, and then discharging said inert gas from 
said plurality of spaces. 20 

47. A semiconductor manufacturing method according 
to claim 43, wherein said step of injecting an inert 
gas includes introducing an active gas into said 
inert gas. and said step of discharging said inert 2s 
gas includes discharging said active gas. 

48. A projection lens manufacturing method comprising 
the steps of: 

30 

a) assembling a projection lens so as to be suit- 
able for patterning a photosensitive substrate 
at an exposure wavelength at a projection lens 
transmittance; and 

b) irradiating the projection lens with light of 3S 
said exposure wavelength so as to increase 
said projection lens transmittance. 

49. A projection lens manufacturing method according 

to claim 48, wherein said exposure wavelength is 40 
less than 200 nanometers. 

50. A projection lens manufacturing method according 
to claim 48, wherein said projection lens has a plu- 
rality of optical components with a plurality of 45 
spaces there between, and said photo-cleaning 
process in step b) further includes the step of inject- 
ing an inert gas into said projection lens into said 
plurality of spaces, and then discharging said inert 
gas from said plurality of spaces. so 

51. A projection lens manufacturing method according 
to claim 48, wherein said step of injecting an inert 
gas includes introducing an active gas into said 
inert gas, and said step of discharging said inert ss 
gas includes discharging said active gas. 

52. A projection lens manufacturing method according 



to claim 48, wherein the projection lens has a 
numerical aperture NAp , and in said step b), said 
irradiating is performed using an illumination optical 
system having a numerical aperture NA i1 , wherein 

NA I1 £ NAp. 

53. A photo-cleaning apparatus for use with an optical 
exposure apparatus having optical components 
with an exposure optical path, the apparatus com- 
prising: 

a) a light deflector capable of deflecting light 
from the exposure optical path to portions of 
the optical components not traversed by the 
exposure optical path; and 

b) a control system connected to said light 
deflector for controlling operation of said light 
deflector so as to achieve such deflection of 
light from the exposure optical path. 

54. A photo-cleaning apparatus according to claim 53, 
wherein said light deflector is one chosen from the 
group consisting of: rotating prism, diffusion plate, 
movable refractive optical element, and movable 
reflective optical element. 

55. An exposure apparatus comprising: 

a light source supplying a light of a predeter- 
mined wavelength; 

an exposure optical system for illuminating a 
mask having a predetermined pattern with the 
light and exposing the pattern on the mask onto 
a photosensitive substrate, said exposure opti- 
cal system comprising a plurality of optical ele- 
ments; 

a measuring unit for measuring a change of a 
optical feature with respect to at least one of 
said plurality of optical elements; 
a compensating unit for compensating the 
change of the optical feature with respect to at 
least one of said plurality of optical elements. 

56. An exposure apparatus comprising: 

a light source supplying a light of a predeter- 
mined wavelength; 

an exposure, optical system for illuminating a 
mask having a predetermined pattern with the 
light and exposing the pattern on the mask onto 
a photosensitive substrate, said exposure opti- 
cal system comprising a plurality of optical ele- 
ments; 

a measuring unit for measuring a change of 
light energy through at least one of said plural- 
ity of optical elements; 

a compensating unit for compensating the 
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change of light energy with respect to at least 
one of said plurality of optical elements. 
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